ABSTRACT.-We developed methods to monitor the status of Gyrfalcons in Alaska. Results of surveys and monitoring will be informative for resource managers and will be useful for studying potential changes in ecological communities of the high latitudes. We estimated that the probability of detecting a Gyrfalcon at an occupied nest site was between 64% and 87% depending on observer experience and aircraft type (fixed-wing or helicopter). The probability of detection is an important factor for estimating occupancy of nesting areas, and occupancy can be used as a metric for monitoring species' status. We conclude that surveys of nesting habitat to monitor occupancy during the breeding season are practical because of the high probability of seeing a Gyrfalcon from aircraft. Aerial surveys are effective for searching sample plots or index areas in the expanse of the Alaskan terrain. Furthermore, several species of cliff-nesting birds can be surveyed concurrently from aircraft. Occupancy estimation also can be applied using data from other field search methods (e.g., from boats) that have proven useful in Alaska. We believe a coordinated broad-scale, inter-agency, collaborative approach is necessary in Alaska. Monitoring can be facilitated by collating and archiving each set of results in a secure universal repository to allow for statewide meta-analysis.
portion of potential Gyrfalcon habitat in Alaska, as well as North America, has not been surveyed (Booms et al. 2008a) , and there was no strategy for monitoring the species' population status in Alaska. In September 2002 at the North Pacific Migratory Bird Conference (Breadloaf, Vermont, USA), Kent Wohl (FWS, Alaska) requested the development of a monitoring plan for Gyrfalcons.
METHODS
Developing the Strategy.-There was incomplete information about the species' range in Alaska (Swem et al. 1994 ) and a need to learn about differences in the ecology and abundance of the species across approximately 1,481,000 km 2 and diverse landscapes of the state. During September 2002, at the 5 th N. American Ornithological Conference, we began discussions about Gyrfalcons with Alaskan raptor biologists Carol McIntyre, Ted Swem, and Kim Titus. Additionally, we began reviewing literature, corresponding with additional colleagues, and investigating potential study sites to address some of the information needs. Next, in September 2003 at the meeting of the Raptor Research Foundation, we convened participants from the United States and Canada to discuss material for a study plan and monitoring strategy.
We used the following criteria as a guide for the goal of detecting change in the population: ensure the ability to detect a 50% reduction in the count or index over a 25-year period with alpha = 0.10 and beta = 0.20. Lewis and Gould (2000) discuss the use of such criteria as applied to the counts of migrant raptors. We identified two objectives for our initial efforts: develop effective search methods and survey designs that are feasible and effective for the various landscapes of Alaska, and identify where to allocate survey and monitoring sampling effort among the regions of the Gyrfalcon's breeding range in Alaska.
The literature and our discussions with colleagues indicated that the most common surveys conducted for Gyrfalcons in Alaska were for nesting activity (e.g., Cade 1960 , Roseneau 1972 , Mossop and Hayes 1994 , Swem et al. 1994 . Additionally, we obtained information about successful use of field procedures (e.g., air, boat) for multi-year surveys of nesting Gyrfalcons Sherrod 1973, Ambrose et al. 1988) . Based on the information we gathered, we tested the potential for monitoring surveys of nesting activity.
To test the efficacy of nest surveys for monitoring a decrease in Gyrfalcons' nest occupancy, we used the program MONITOR to examine results from multi-year surveys in the Colville River, Alaska and Northwest Territories, Canada (Swem et al. 1994, Shank and Poole 1994) . The data used from the Colville River were: mean number of occupied nests/yr = 16; SD = 6.1; years surveys conducted = 11; number of times per year surveys were conducted = 2. We asked if this survey was able to detect a 10% decline in the population given the above information, and an alpha level of 0.15 using a two-tailed test. The program results indicated that from these Colville River survey data we were able to detect a 10% population decline with an 81% confidence (power level). Similarly, for Northwest Territories, Canada, we could detect such a decline with 94% confidence. Because these survey data met our monitoring criteria, we proceeded to gather data for a survey and monitoring strategy based on aerial surveys of Gyrfalcon nesting areas and using occupancy (Geissler and Fuller 1986 ) as a monitoring metric.
Research.-Travis Booms undertook research for his Ph.D. program (Booms 2010) at the University of Alaska, and our main study area was the Yukon Delta National Wildlife Refuge (YDNWR). There, we based our research on the early work of White and Springer (1965) and the ongoing surveys and fieldwork led by Brian McCaffery (McCaffery et al. 2011 ). This region in western Alaska contains the delta of two large rivers, the Yukon River and the Kuskowkim River, and three areas in which Gyrfalcons nest and had been surveyed previously. We relied on McCaffery, other YDNWR staff members, and several volunteers to help gather the data used by Booms and colleagues to produce the results presented in Booms et al. (2010b) and presented here in part. We used occupancy estimation and modeling procedures of MacKenzie et al. (2006) to estimate the probability of detecting Gyrfalcons at historical nest areas.
During the period we were conducting surveys for nest occupancy, Booms and colleagues studied the known distribution of Gyrfalcons in Alaska and modeled areas they predicted other Gyrfalcons likely were nesting (Booms et al. 2009 ). Further, Booms et al. (2008b Booms et al. ( , 2011a ) studied nest site fidelity and dispersal. The results of these projects are the basis for developing a strategy to monitor Gyrfalcons in Alaska.
RESULTS AND DISCUSSION
On the YDNWR, our aerial surveys for the presence of a Gyrfalcon at known nest sites resulted in a probability of detection ranging from 65-85%. Factors that were associated with differences in detectability included different aircraft (helicopters and fixed-wing aircraft) and different observers . Given the vast, remote geography of Alaska and the span of time needed for longterm monitoring (e.g., 20-30 years), we expect that many persons of varied experience will be involved in surveys for Gyrfalcons using a variety of search methods in many different habitats. For biologists to compare survey results from different survey efforts and time frames, and to synthesize the results for assessing Gyrfalcon status, it is important to use estimates of occupancy that have been derived by incorporating probability of detection. When a nest site is occupied and a bird(s) is as conspicuous as indicated by our detection probabilities (i.e., 65% to 85%), we expect that two replicate searches of a sample of the survey area will produce estimates of detectability that can be used to model occupancy (MacKenzie et al. 2006 ), which in turn can be used as a metric of population status.
A change in nest site occupancy can serve as a warning that the number of falcons in the population might be changing. It is useful to monitor occupancy, especially when it is impractical to consistently gather data about reproduction and survival. Insight into the likelihood of a change in population size can be had by studying a sample of the occupancy survey areas for reproduction and survival data that can be used in analyses of population dynamics (Williams et al. 2002) . Booms et al. (2009) modeled the distribution of likely Gyrfalcon nesting areas across Alaska, and they predicted that 75% of the state would contain essentially no nesting, while about 7% would be highly likely nesting range. The predicted high category of occurrence (>80%) was patchy and widely dispersed, and located in southwest, west, northwest, and northern Alaska (Figure 1 ).
The population dynamics of Gyrfalcons might differ among the various ecological conditions found across Alaska. Therefore, it is important to allocate survey and monitoring effort to sample the nesting range. The predictions of the nesting distribution model can be used initially as a basis for sample allocation. This will accomplish two important objectives: 1) the applicability of the model can be tested and made more rigorous with additional field data, and 2) survey results can be generated for parts of Alaska that have never been searched for Gyrfalcons. Searches of predicted nest range also will provide data about nesting phenology, nest site features, nest substrates, etc., which can be used to refine occupancy models and improve survey designs (MacKenzie et al. 2006 ).
Gyrfalcons at one of the YDNWR study areas showed low, but statistically significant genetic differentiation from those in the other two study areas. Furthermore, Gyrfalcons in the three study areas returned to nest in the study area in which they were first detected breeding, with no detected breeding dispersal and only one case of natal dispersal among the areas (Booms et al. 2011a ). These results suggest that additional sampling should be conducted to ascertain the extent of genetic structure among Alaskan Gyrfalcons. Genetic structure is an important consideration for wildlife conservation (Frankham et al. 2002 , Wagner et al. 2005 , and monitoring Gyrfalcons that exhibit different structure might be warranted.
Our survey results, and analysis of those of Swem et al. (1994) and Shank and Poole (1994) , suggest that occupancy estimation of Gyrfalcon nesting might be a relatively practical method for monitoring the species in Alaska. Survey results from multiple areas, such as the Colville River , Seward Peninsula (Bente 2011), Denali National Park (C. McIntyre pers. com.), and Yukon Delta National Wildlife Refuge (McCaffery et al. 2011) , will be invaluable for monitoring. Furthermore, predictive modeling (Booms et al. 2009 ) indicates regions that should be searched for nesting Gyrfalcons, and there are additional areas where previous survey results (e.g., White and Streater 1971 , Mindell and Dotson 1982 , Ritchie et al. 2003 will be informative for developing a monitoring sample design.
Additional information is needed for designing a thorough, practical, state-wide monitoring plan. We suggest that the next steps toward a comprehensive monitoring plan could be: • The Alaska Raptor Group identifies specific areas in the state that should receive the highest priority for long-term monitoring, as recommended in Schempf (2000) . These "index" or "legacy" areas should be identified based on the presence of long-term historical data sets, current knowledge of populations, ability to survey for multiple cliff-nesting raptors simultaneously, and logistical feasibility.
• Conduct surveys designed to gather data for estimating probability of detection for ongoing surveys and methods.
• Use a dual frame sample design (Haines and Pollock 1998) or similar approach in which sample plots or transects that include some historical nest sites and adjacent potential breeding habitat are searched, which is required to monitor for additional nesting and shifts in nest area use.
• Search new areas, based on the model predictions of where nesting will occur.
• Gather data about:
-nesting phenology, -landscape features associated with the search areas, -nest site characteristics, and -other species of interest.
• Gather samples (e.g., molted feathers, blood) for analysis for genetic structure, disease, and contaminants.
• Establish one common, secure database for statewide survey data to allow for metaanalyses and archiving, and establish appropriate policies defining its use, along with each participating entity's roles and responsibilities in its use.
A comprehensive monitoring plan for Gyrfalcons will depend on coordinated surveys among biologists and among organizations to ensure that quality results are archived in a common, secure database to allow for statewide meta-analysis. The need for cooperative efforts to address raptor research and management has long been recognized (Schempf and Fuller 1982) and is being pursued by the Alaska Raptor Group. An extensive, coordinated effort for Gyrfalcons can begin now, building on previous surveys and increasing coverage of Alaska, and can be designed to concurrently include other cliffnesting raptors to increase cost effectiveness.
Research is required to learn if there are differences within regions that could affect the survey designs, interpretation of survey and monitoring results, and conclusions about population status. Some of the relevant topics for research are dispersal, site fidelity, and predator-prey relationships (e.g., Nielsen and Cade 1999, Booms and Fuller 2003) , especially fluctuations of ptarmigan and how they affect Gyrfalcon nest area occupancy, reproduction, and survival (Barichello and Mossop 2011 , Falkdalen et al. 2011 , Potapov 2011 . Monitoring and research of Gyrfalcons in Alaska can contribute to conservation of this raptor and to understanding and responding to the changes coming to high latitude plant and wildlife communities (Booms et al. 2011b , Cade 2011 , Huntley and Green 2011 , Mossop 2011 ).
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